(kbp)] and a smaller BamHI K (5.2 kbp) fragment from the same region of B95-8 EBV DNA induced EBNA in 2-4% of human lymphocytes but did not stimulate DNA synthesis nor transform cells. Cloned BamHI D1 fragment (z9 kbp) from AG-876 virus DNA, or a combination of cloned BamHI X and H fragments (-2 and 7 kbp, respectively) from the similar region of B95-8 virus DNA, significantly stimulated lymphocyte DNA synthesis, but EBNA could not be detected and transformation was not achieved. Early antigen and viral capsid antigen were not observed with any of the fragments tested. Our results suggest that the induction of EBNA and stimulation of lymphocyte proliferation are not controlled by the same region of EBV DNA.
Epstein-Barr virus (EBV) is a lymphotropic transforming herpesvirus that causes infectious mononucleosis and is associated with Burkitt lymphoma, nasopharyngeal carcinoma, and several acute lymphoproliferative diseases (reviewed in refs. [1] [2] [3] . Classical genetic mapping of viral functions is hampered by the host range restriction to B lymphocytes and restricted permissivity of B cells for virus replication (1, 3) . Attempts to extend the host range of the virus by DNA transfection, microinjection, or virus-receptor transplantation resulted in virus replication (refs. [4] [5] [6] ; reviewed in ref. 7) . Many viral proteins have been mapped to fragments of EBV DNA by using cloned fragments of EBV DNA and hybrid selection, in vitro translation, and immunoprecipitation (8, 9) . Some viral proteins, including EBV nuclear antigen (EBNA), have been mapped by using cloned EBV DNA fragments in prokaryotic or eukaryotic expression systems (10, 11) .
Although a great deal is known about viral gene expression in latently infected growth-transformed cells, the celltransforming functions of EBV have not been distinguished from viral genes whose function may be solely related to maintenance of viral latency. Some transfection and microinjection experiments employing recombinant EBV DNA have been performed with already transformed or permanently growing cells (4, (10) (11) (12) . Introduction of EBV DNA into normal human T lymphocytes (7), human placental cells (6), or rodent splenocytes (5) resulted in virus replication rather than in vitro transformation. Possibly, the cell-transforming activity of EBV is limited to natural host cells of the virus-i.e., the mature human B lymphocytes and epithelial cells (1, 3, 5) .
The purpose of these experiments is to begin to assay the function of parts of the EBV genome in normal B cells. Since DNA transfer into lymphocytes by calcium phosphate, DEAE-dextran, and protoplast fusion are inefficient processes, we have tried a different approach-i.e., use of DNA-loaded reconstituted Sendai virus (SV) envelopes as gene-transfer vehicles (13) (14) (15) . SV envelopes (SVE) can be isolated, solubilized, and reconstituted (RSVE), retaining the ability to fuse with target cell membranes (16) . EBV nucleocapsids can be enveloped by RSVE (14) . The fusible RSVE/EBV vesicles have been used to transfer EBV genome into an extended host range (14) . The internalized viral DNA was expressed in up to 1% of the target cells (14) . These experiments suggested the possibility that EBV DNA present during reconstitution could be enveloped and transferred into living eukaryotic cells.
In the present work, we present data on the application of the RSVE system for transferring purified EBV DNA and cloned DNA fragments into fresh human lymphocytes. The biological activity of EBV DNA and DNA fragments in human B cells was monitored by following stimulation of cellular DNA synthesis, cell immortalization, and expression of EBV-determined antigens. Our results suggest that cell transformation by EBV may require collaboration between several viral and cellular genes. 
MATERIALS AND METHODS
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Proc. Natl. Acad. Sci USA 81 (1984) 5927 (24) . Also shown is the region of DNA deleted from the nontransforming EBV (P3HR-1) isolate (23, 25) .
were maintained as stationary suspension cultures in RPMI 1640 (GIBCO) medium supplemented with 10o fetal bovine serum, penicillin (100 ,ug/ml), and streptomycin (100 pg/ml).
Viruses. SV was propagated and its hemagglutinating titer was determined as described (5, 16) . One milligram of SV was approximately equivalent to 15,000 hemagglutination units. The transforming B95-8 virus was harvested from supernatants of starving B95-8 cells as described (5) and concentrated to 0.2% of initial volume. The virus was capable of inducing EBNA in 10% of Ramos cells 2 days after infection at a 1:200 dilution and was used at a 1:100 dilution.
EBV DNA and Cloned DNA Fragments. The procedure for isolation of high molecular weight intracellular EBV DNA by repetitive CsCl equilibrium centrifugation has been described (20) . The cloned BamHI X, H, and K fragments and Sal I F fragment from B95-8 EBV DNA and the cloned EcoRI fragments from W91 EBV DNA were isolated, propagated, and characterized as described (21, 22) . The cloned BamHI D1 fragment from AG-876 EBV DNA occupies the same map location as the B95-8 EBV BamHI X and H DNA fragments (refs. 17 and 23; see also the restriction endonuclease map in Fig. 1 ).
Preparation of DNA-Loaded SV Vesicles (RSVE/DNA). The four principal steps of the procedure and its efficiency are summarized in Table 1 . SV particles (5 mg of viral protein) in 100 mM NaCl/50 mM Tris HCl, pH 7.4, were extracted by Triton X-100 for 1 hr at room temperature. The detergent/SV protein ratio was 2:1 (wt/wt). After centrifugation at 100,000 x g for 1 hr, the supernatant containing -1 mg of SVE protein in the detergent was collected. Tritonsolubilized SVE (1 mg) and EBV DNA (50 ug) or cloned EBV DNA fragments (50 Hg) were mixed (step 1 in Table 1 ) and dialyzed in Spectrapor 2 dialysis bags at 4°C for 48 hr against 2 mM CaCl2/2 mM MgCl2/10 mM Tris-HCl, pH 7.4/2 mM NaN3/0.1 mM phenylmethylsulfonyl fluoride (steps 1 and 2 in Table 1 ). The RSVE/+DNA step 2 vesicles were then digested with a DNase (Sigma; 50 ,g/ml) for 1 hr Separation of human lymphocytes, reconstitution of EBV DNA or cloned restriction endonuclease fragments with SVE, and gene transfer were as described. After the transfer, the cells were resuspended in RPMI 1640 with 10% fetal calf serum and cultured under standard conditions at 2 x 106 cells per ml. EBNA was determined by ACIF assay (26) 2 -cell lines (1, 3) . We followed all these parameters in B cells containing RSVEtransferred EBV DNA and fragments and compared them with the cells infected with intact virus. The results are shown in Table 2 and Figs. 3 and 4 . EBV DNA induced a significant increase in cellular DNA synthesis-1.6-6.4 times the control (RSVE alone) levels. The extent of the stimulation was lower than after exposure to intact EBV. As shown in Fig. 3 , stimulation was transient, decreasing to control levels after 3 weeks in culture. RSVE-transferred EBV DNA also induced ACIF-detectable EBNA in 0.2-1% of the cells 48-72 hr after infection ( Table 2 ). The proportion of EBNA-positive cells decreased, and no cell transformation was observed.
Cloned regions of EBV DNA tested for the virus-related functions included BamHI restriction endonuclease fragments D1, H, X, and K and Sal I F1 fragment. It has been reported recently that the Sal I F1 fragment [ Since EBNA has been postulated as a transforming antigen of EBV (28, 29) , we tested whether the EBV DNA region containing EBNA-encoding gene(s) might act as an autonomous transforming unit. Neither Sal I F fragment nor BamHI K fragment stimulated any significant cellular DNA synthesis or caused cell transformation (Table 2 and Fig. 3) . The fragments induced EBNA in 2-4% of human lymphocytes. Fig. 4 A and B shows EBNA-expressing human B cells detected by ACIF test 48 hr after Sal I F fragment transfer, in comparison to the EBNA induction by intact virus (Fig. 4E) .
We next tested fragments from the EBV DNA region that is deleted in the nontransforming (but EBNA-inducing) P3HR-1 virus (23, 25, 30) . This region is encompassed within the BamHI D1 fragment of the AG-876 EBV DNA or the combined BamHI H-X fragments of B95-8 virus DNA (refs. 20-22 ; see also Fig. 1 ). The BamHI D1 or H-X fragments transiently stimulated lymphocyte DNA synthesis. The stimulation was lower than after exposure to intact virion. In contrast to EBV DNA, or Sal I F and BamHI K fragments, BamHI D1 or H-X did not induce any ACIF-detectable EBNA in human B cells. When both the Sal I F1 and BamHI D1 fragments were introduced into the cells, the stimulation of DNA synthesis by BamHI D1 alone was reduced, and no cell transformation was achieved ( (26) . (33) .
Our results suggest that transformation of human lymphocytes by EBV may require functional collaboration between several viral and perhaps cellular genes. The approach described in this work may permit identification of these genes.
